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BACKGROUND 

The invention generally relates to imaging systems, and relates in particular to 
imaging systems that employ an illumination modulator. 

Imaging system such as those disclosed in U.S. Patent No. 6,433,934, may 
include an illumination source, a field lens system, an illumination modulator, imaging 
optics and an imaging surface. During imaging, the field lens system directs the 
illumination field onto the light modulator and the light modulator reflects the 
illumination field toward the imaging surface in one mode and reflects the illumination 
field away from the imaging surface in another mode. For example, the modulator may 
include a Grating Light Valve (GLV) as sold by Silicon Light Machines of Sunnyvale, 
California, and the system may direct via the imaging optics either the zero order 
reflection or the first order reflection toward the imaging surface in various embodiments. 

Many imaging systems employ an illumination field that is generally in the shape 
of a line of illumination, permitting a line of picture elements (or pixels) to be imaged 
simultaneously. It has been discovered, however, that certain modulators may become 
mis-aligned during manufacturing or use, detracting from the performance of the system 
and quality of the recorded images. Such mis-alignment may result in the line of 
illumination being shifted, rotated or bent (e.g., into a curve) with respect to the desired 
illumination line position in the imaging system. 

There is a need, therefore, for a system and method for efficiently and 
economically determining whether a modulated illumination field from a light modulator 
is mis-aligned. 
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SUMMARY 

The invention provides an alignment detection system for determining whether a 
modulated illumination field in an imaging system employing an illumination modulator 
is mis-aligned. The alignment detection system includes a modulator adjustment unit for 
providing a test pattern on the illumination modulator, a detector for receiving a 
modulated illumination field from the illumination modulator, a sampling unit for 
determining at least two sample values (A and Q for each of two areas of the modulated 
illumination field respectively, and an evaluation unit for determining whether the value 

A - C is greater than a threshold value. 



BRIEF DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

The following description may be further understood with reference to the 

accompanying drawings in which: 

Figure 1 shows an illustrative diagrammatic view of an imaging system 

employing an alignment detection system in accordance with an embodiment of the 

invention; 

Figure 2 shows an illustrative diagrammatic view of a modulated illumination 
field in a system in accordance with an embodiment of the invention; 

Figure 3 shows an illustrative graphical representation of a scan image with three 
sample regions; 

Figure 4 shows an illustrative diagrammatic view of a process in accordance with 
an embodiment of the invention; and 
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Figure 5 shows an illustrative graphical representation of the diffracted energy 
levels versus the number of segments at each energy level in accordance with a further 
embodiment of the invention. 

The drawings are for illustrative purposes only and are not to scale. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

As shown in Figure 1, an imaging system (e.g., a thermal imaging system) in 
accordance with an embodiment of the invention may include an illumination field 10, an 
illumination modulator 12 and an imaging surface 14 (e.g., an external imaging drum). 
The modulator receives the illumination field 10 via a field lens system (not shown) and 
directs a modulated illumination field 16 toward the imaging surface via imaging optics 
(not shown). The illumination source, field lens system, modulator, imaging optics and 
imaging surface may be as disclosed in U.S. Patent No. 6,433,934, the disclosure of 
which is hereby incorporated by reference. The modulator may include a Grating Light 
Valve (GLV) as sold by Silicon Light Machines of Sunnyvale, California. 

The system also includes a pair of block plates 18 and 20 that prevent the end- 
most portions of the illumination field from reaching the imaging surface during normal 
zero axis imaging while permitting the central portion 22 of the modulated illumination 
field 16 to reach the imaging surface. A detector 24 is also placed at the image plane of 
the imaging surface adjacent imagable media. 

As shown in Figure 2, during use a modulated illumination field 26 may be 
defined by non-modulated areas 28 and 30 on either side of the field 26. The modulated 
areas are created using a modulator test pattern of 10 shutters on followed by 10 shutters 



Page 4 



off etc. In a zero order imaging system for example, the non-modulated areas are formed 
by activating the associated portions of the light modulator to deflect the incident light 
into the +/- first orders etc. As shown in Figure 2, the off states at 28 and 30 may become 
mis-aligned or otherwise incorrect over time. Also, the contrast quality will be adversely 
affected by a mis-alignment of the illumination line. 

During a single alignment detection scan in a slow scan direction (e.g., along the 
longitudinal length of imaging surface), the detector (e.g., having a slit opening of about 
10 microns), may receive an illumination field as shown in Figure 2. The detector 24 is 
moved across the entire field 16 during alignment detection scan. In accordance with an 
embodiment, samples are taken at three defined periods as shown at 40, 42 and 44, The 
end-most sample areas are preferably located within about 20% and more preferably 
about 15% of the distance from each of the ends of the modulated illumination field. 
During each of these sample periods, 100 samples are taken and analyzed (about 10 
samples per GLV shutter), and the average sample value for each period is then 
determined. For example, the average value for the sample period 40 may be designated 
as average sample A, and the average value for the sample period 42 may be designated 
as average sample j5, and the average value for the sample period 44 may be designated 
as average sample C. The system may determine whether one of the ends of the 
illumination field 32 is too high (due to mis-alignment) by comparing A and C. For 
example, the system may determine the difference between A and C, and then compare 
that difference with a threshold value. 

In particular and as shown in Figure 3, a process in accordance with an 
embodiment of the invention may begin (step 300) by determining whether the GLV 
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adjustment routine is enabled (step 302). This routine permits the voltage levels on each 
ribbon in a GLV to be optimally adjusted. If the routine is not enabled, the process ends 
(step 316), and if the routine is enabled, the process sets the modulator to provide the test 
pattern (step 304). The process then scans the GLV (step 306) and calculates the data 
points in three regions and determines the average value (A, B and C) for the respective 
regions (step 308). The process then determines (step 310) whether the following 



relationship exists: 



A-C >100 



If the above relationship does not exist, then the process records that the GLV is 
in alignment (step 312) and ends (step 316). If the above relationship does exist, then the 
process records that the GLV is not in alignment (step 314) and the process ends (step 
316). If the GLV is determined to be not in alignment, then the imaging system should 
be shut down so that the alignment may be manually corrected. In further embodiments, 
the process may evaluate the value B as well in determining whether the GLV is within 
proper alignment parameters. 

In accordance with another embodiment of the invention, an error determination 
process may involve dividing the length of the GLV into a plurality of segments and 
grouping the energy levels in to a plurality of groups. A histogram is then formed where 
the horizontal axis (X-axis) shows the diffracted energy levels and the vertical axis (Y- 
axis) shows the number of segments at each energy level. For example, Figure 4 shows 
such a histogram wherein the GLV is divided into five groups as shown at 50, 52, 54, 56 
and 58. The groups define a histogram 60 and the quality of the alignment may be 
determined by evaluating the difference between the highest and lowest energy levels c/y 
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as shown. The shape of the histogram 60 may also provide helpful information regarding 
the quality of the GLV and line illumination components. For example, if one portion of 
the GLV were not functioning properly, then the histogram may be tightly packed in one 
area with some values well outside of a normal distribution. 

Those skilled in the art will appreciate that numerous modifications and variations 
may be made to the above disclosed embodiments without departing from the spirit and 
scope of the invention. 
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